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1. Principal Investigator (give title and degrees); 

David J. Wilson, Ph.D., Professor of Chemistry 

William Schaffner, II, M.D;, Assistant Professor of Medicine 

2. Institution & address: 

Department of Chemistry 
Vanderbilt University 
Nashville, Tennessee 37235 

3. Deportment(s) where research will be done or collaboration.provided: 

Department of Chemistry 
Department of Medicine 

4. Short title of study: 

Nicotine Levels in Human Milk 
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.5. Proposed starting date: l October 1973 

6. Estimated time to complete: 12 months 

7. Brief description of specific research aims: 

The objective of this work is to determine the extent to which nicotine occurs 
in the milk of smoking nursing mothers. 
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8. Brief statement of working hypothesis: 


2 . 






The working hypothesis of the study is that the effects on nursling rats 
of dosing the mothers with nicotine is due to transmittal! of nicotine through 
the milk and that similar transmittal may be taking place in humans* 


9. Detailk of experimental!design and procedures (append extra pages as necessary) 

It is well established that a number of drugs administered to nursing mothers 
are excreted in their milk; Catz and Giacoia cite some 84 references in their review 
on the subject. 1 It is also well established that smoking by pregnant women has a 
number of effects upon the fetus — the newborn infants tend to be smaller than normal 
and there appears to be an increase in abortions and stillbirths. 3 * 14 > 5 » 7 


The lethal dose of nicotine for an adult is roughly 60 mg; a smoker typically absorbs 
2-3 mg of the alkaloid per cigaret. Nicotine is deactivated in the liver and excreted 
via the kidneys. In small doses it affects the cholinergic synapses, causes release 
of adrenaline, and shifts the brain’s EEG toward an< arousal pattern. 8 Although 
nicotine in human milk is mentioned in* the literature from time to time, 8 > 18 > 11 
there does not seem to be any appreciable amount of data available on the subject. 

A recent study on the effects on nursling rats of dbsing the mother rats with small 
quantities of nicotine indicated that the drug (or possibly a toxic metabolite) was 
transmitted to the young rats with deleterious effect. 12 It is difficult to relate 
this study to possible effects on- nursing human infants of smoking mothers, but its 
findings are thought-provoking. 

We therefore propose to analyze approximately 50 samples of human milk for 
nicotine. Of these, a small (5-10) control group will be obtained from non-smokers, 
with the rest coining from light, moderate, and heavy smokers* About half of these 
samples are already available, left from a study on DDT levels which we recently 
completed; the remainder will be solicited from La Leche League, a women’s organization 
concerned with breast feeding which was very helpful in providing samples and helpful 
suggestions for our DDT project and current work which we are doing on lead levels in 


human milk. A questionnaire will be used: to obtain information about smoking and 
dietary habits, age of mother and infant, parity of mother, etc. 


(see continuation pa^e) 
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9. Details of experimental design and procedures (continued) 

Nicotine will be determined in the samples by means of a modification of 
the gas chromatographic technique adapted by Burrows and coworkers 13 from* a 
method due to Schievelbein and Grundke. 11 * This method- is capable of determining 
nicotine levels in .the nanogram/nl range, and is much more sensitive than gas 
chromatographic methods for nicotine in urine. 16 The sample (10 ml) is made 
alkaline and steam-distilled, and the distillate is made alkaline and extracted with 
methylene chloride. This extract is cleaned up on an alumina column; nicotine is 
eluted with 1-1 methylene chloride-ethyl alcohol, and this solution is chromatographed 
*. (8% carbowax 20 M 4- 2% KOH on Chromosorb W, acid washed and treated with* hexamethyl- 
disilazane) at 150°C, using a flame ionization detector. 

* * *'* - BIBLIOGRAPHY * 
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10. Space and: facilities available (when elsewhere than item 2 indicates, state locotion): * .... V 

7 - «" 

We have available a Varian 600-D gas chromatograph equipped with a flame ' 

* ionization detector for use in this study. The University’s Sigma 7 computer is . 

more than adequate for our statistical needs, and we have programs currently in • ' 

♦ * - - _ . ' - , ,'*** * 

' • •> . • »> 1 . 

..use which will take care of the data processing in the proposed: project. An- 

• . »’ • vVr ^ 

LKB-9000 combined mass spectrometer-gas chromatograph is available in the department yy 
for confirmation of compound identity. The science and medical libraries of the V 

University are quite adequate for the needs of the project, and* ample laboratory 
space is available. ' _ 


11 . Additional facilities required; 


None 


5* . L**" « **rw_ v f!. 
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12, Biographical sketches of investigotor(s) and other professional personnel (append): 


13. Publications; (five most recent and pertinent of investigator^ append list, and provide reprints if available). 
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12^ Biographical sketches of investigator(s) and other professional personnel. 
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1. Stanford University (1952-53) - National Science Foundation Fellow in ' 
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chemistry, research* on the thermal decomposition of nitrogen pentoxide -' TTT 

in the presence of nitric oxide, under Dr, H, S, Johnston. 

2. Army Chemical Center, Maryland (1953^-55) - Physical'sciences assistant, - 

Analytical Branch, Chemical Division, Chemical and Radiological Laboratories. 
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3. Stanford University (1955-56) - National Science Foundation Fellow in 
chemistry, research on the thermal decomposition of nitryl chloride, on 
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This work was done under the direction of Dr. H. S. Johnston. 

4. California Institute of Technology (1956^-57) - National Science Foundation 
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and on temperature gradients in reaction cells, under Dr. H. S. Johnston. 
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6. Vanderbilt University (1969-Present) - Professor of chemistry; research in 
gas reactions and energy transfer processes in gases, investigation of 
pesticide and heavy metal residues, foam flotation methods, undergraduate 
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DDT Concentrations in Human Milk 

David J. Wilson, PhD, David J. Locker, PhD; Charles A. Ritzen; » * 

J. Throck Watsoni PhD; William Schaffner, MD, Nashville, Tenn / ' : 



Human milk from seven US cities was ana¬ 
lyzed for total DDT (DDT plus DDE) content 
The mean of 138 samples was 0.17 ppm 
(range, <0.02 to 0.83 ppm) which is in ex¬ 
cess of the World Health Organization's rec¬ 
ommended maximum concentration in 
cow's milk (0.05 ppm.) 

Use of commercial'exterminators was as¬ 
sociated with lower DDT levels than was per¬ 
sonal home use of pesticides; donors using 
butter had tower concentrations than those 
using margarine. DDT levels diminished with 
increasing maternal age and milk obtained 
after nursing contained significantly more 
DDT than milk obtained^* the start of nurs¬ 
ing. 

While no adverse effects to infants due to* 
DDT in human milk has been documented, 
systematic monitoring of DDT 1 and other en¬ 
vironmental! pollutants in man is needed. 

C oncern has been expressed in both 
the scientific literature 11 * and the 
lay press 5 over the concentrations of 
DDT and itis metabolites in human 
milk. This has resulted in- some worry 
to women breast-feeding or planning 
to breast-feed infants. 

The magnitude of public discourse 
has been somewhat disproportionate 
to the extent of the dhta. The number 
of pesticide residue determinations in 
human milk is small ana the color¬ 
imetric methods employed in earlier 
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work are open to some question. 4 

Only eight articles have appeared 
in the English language literature 
over the 27 years, 1945 to 1972—a pe¬ 
riod of great change in the extent of 
pesticide use. As reviewed by Ritcey 
et al, s seven additional studies have 
been published in the USSR and 12 in 
European' countries. At present, the 
data are not sufficient to delineate 
geographic, racial, socioeconomic, and 
other possible variations in DDT con¬ 
centrations in human milk. Ptelimi- 
nary dhta- bearing on some of these 
questions are presented here. 

Materials and Methods 

Samples of human milk were obtained 
from w hite, urban, middle-class dbnors re¬ 
siding in several towns on Long Islandiand 
in Rochester, NY; Chicago; Lexington, Ky; 
Nashville and Memphis, Tenn; and Los An¬ 
gelas. Samples were obtained during the 
period from June 1970 through October 
1971. Donors also completed a brief ques¬ 
tionnaire regarding their exposure to pes¬ 
ticides, food habits, and weight gain or 
loss. Samples were kept frozen in polyeth¬ 
ylene bags op in glass bottles until analy¬ 
sis. Chlorinated hydrocarbon pesticides 
were extracted from these samples by the 
method described! by Schafer et al* Ten 
milliliters of the milk w’as saponified with 
potassium hydroxide solution (237 solution 
of potassium hydroxide) and then ex¬ 
tracted with 10 ml of hexane. The Hexane 
extract was then sealed in a glass ampule 
until analysis. This method of sample prep¬ 
aration quantitatively converts DDT to 
DDE' and results will be oxpressed-as con¬ 
centrations of total DDT. 

Quantification of DDE was achieved' 
with a gas. chromatograph'equipped with, 
an electron capture dbtector, field-emission- 


type, or with another gas chromatograph 
also-equipped with>a radioative nickel elec¬ 
tron capture detector (”Ni). The field-emis¬ 
sion. electron capture detector (ECD) was 
calibrated with standard aliquots (2 to 10 
ng) of DDE (Varian- Associates Nanogen 
Pesticide Standards) in benzene which.also 
established the linear range of this ECD. 
Each analysis of 10/il to 20/d portions of the 
hexane extracts was followed by an injec¬ 
tion of the analytical standard. (DDE)* to 
compensate for the drift of the field-emis¬ 
sion. ECD. The 4, Ni ECD w’as calibrated 
with several aliquots of the analytical 
standard (0.05 to 0.20 ng DDE); a standard 
was also injected after each sample analy¬ 
sis to*insure reliability. Samples which in¬ 
dicated high levels of DDE on first analysis 
were diluted 1:10 so that a 1/d to 2/d injec¬ 
tion. would deliver a quantity of DDE 
known to be in the linear range of detec¬ 
tion* to the 41 Ni ECD. 

Sample analyses were equally well ac¬ 
complished on a 2 meter x 3 mm-column of 
10T* DC-200 on Anakrom ABS 80/90 mesh 
support at 197 C (also used at 210 C)iand a 
2 meter x 3 mm column of. 37 Dex 300 on 
Chromosorb G-HF 80/100'diatomite mesh 
support at 215 C« Two other diatomite sup¬ 
port columns were used to confirm' the 
identity of DDE in selected samples' a 2 
meter x 4 mm cottimn of mixed 57 QF-1 
and 57 SE-30 on Chromosorb AY 60/80 mesh 
(acid washed), and a 2 meter x 4 mm col¬ 
umn. of 257 SF-95 on Chromosorb W60/80 
mesh (acid washed). 

Blank analyses were run on distilled wa¬ 
ter samples to establish that reagents were 
not introducing spurious results Prelimi¬ 
nary studies using commercial cow’s milk 
demonstrated! that the plastic bags used 
for storage did not contaminate the sam¬ 
ples. Analyses of fresh milk and milk 
which had boon stored frozen in> plhstic 
bags for two months showed no discernible 
differences. 
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PPM TOTAL DOT * ' 

Frequency distribution of human milk samples by concentration of* total DDT. 


Table 1.—Total DDT Concentrations imHuman Milk by City of Origin 

City 

No. 

Samples 

Mean, 

ppm 

Standard 

Deviation 

P • 

Long island 

14 

O.IOQ 

0.10 

.01 

Rochester 

20 

0.17 

0il3 

NSt* 

Chicago 

19 

0-18 

0.10* 

NS 

Lexington 

27 

0.22 

0.17 

NS 

Nashville 

34 

0.17 

0.15 

NS 

Memphis 

6 

0.15 

0.08 

NS 

Los Angelas 

IS 

0 18 

0.12 

NS. 

* Probabilities of the difference between the corresponding mean and the 
total 1 population being due to chance. 

Not significant. . 

mean of the 

Table 2:—Home Pesticide Use, Exterminator Ube, and DDT in Human Milk 


No. 

Samples 


Mean, 

ppm 

Standard 

Deviation 

Home Use 

Does not use 
Resttcides 

81 


0.17 

0.14 

Uses pesticides 

52 


0.18 

0.14* 

Exterminator Use 

No exterminators 

107 

- 

0.18 

0.15 

Uses exterminator 

30 


0.14 

0 10 


Results 

A total' of 138 samples of human 
milk from 101 donors was analyzed. 
The mean total DDT concentration 
was 0.17 ppm with a standard devia¬ 
tion of 0:14 ppm. The range of conceiv- 
trations was from less than 0.02 ppm 
tO'0.83 ppm«(Figure): Only, four speci¬ 
mens had undetectable concentra¬ 
tions of total DDT (< 0.02 ppm)i and! 
three had concentrations in excess of 
0.50* ppm. 

The results are presented according 


* to* geographic area in Table 1. The 
mean< concentration of the samples 
from the Long Island communities 
(0.10 ppm) is significantly lower than 
those from the other cities (F^.01). 
The mean of the Lexington samples 
exceeded that from the other areas, 
but this difference did not achieve 
statistical significance. 

Of particular interest was the rela¬ 
tionship of total DDT concentrations 
to prior reported exposure to* pesti¬ 
cides (Table 2): Of the women, 39*7) 
had used pesticides in their homes or 


Table 3. —DDT in Human Milk 
and Use of Butter or Margarine 

No. 

Mean, Standard 

Samples 

ppm Deviation 

Butter 31 

0.14 0.10 

Margarine 40 

0j20 0.16 


Table 4.—Total DDT Concentra¬ 
tions (ppm) in Matched Fore* 

Milk and Hind-Milk Samples 

Fore-Milk 

Hind.Milk 

Difference 

0.09 

0.13 

40-04 

0.04 

0.12 

40-08 

0 06 

0.16 

•+0.10 

0.13 

0.26 

40.13 

0.03 

0.06 

+0.03 | 

0.04 

0.08 

+0.04 

0.23 

6.35 

40.12 

0.10 

0 21 

40.11 

0.05 

0.17 

+0.12 

0.29 

0.37 

+.0.08 

0.11 

0:12 

40.01. 

0.14 

0*16 

40.02 

0 68 

0-45 

-0.23 

0.29 

0j52 

40.23 

0.11 

0;35 

40.24 

0 06 

0;Q9 

4 0.03 

0.06 

0.46 

+0.40 

0.16 

0.11 

—0 05 

0.13 

0.15 

+0 02 

0 07 

0.09 

+Q 02 * 

0.16 

0.04 

—0.12 

0 06 

0.18 

40.12 

0 37 

0.48 

40 11 

0.03 

0.24 

40.21 


gardens, but there was not a statisti¬ 
cally significant difference in the total 
DDT concentrations in* the milk from 
the two groups. However, when those 
women employing exterminators 
were compared with those who used 
pesticides on their own, it was found 
that exterminator use was associated 
with- lower concentrations of total 
DDT in the milk (P=.05). Frequent 
pesticide exposures at some time in 
the past, usually associated with agri¬ 
cultural activities, were reported by 
26 women. The concentrations of* to¬ 
tal DDT in their milk did not differ 
significantly from those who were not 
so exposed. . . 

Regarding diet, no significant cor¬ 
relations could be found between to¬ 
tal DDT concentrations in milk and 
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the number of days per week the do¬ 
nor ate meat or fish.^owirvTITlvherr 
those women who used butter and: 
margarine were compared (Table 3), 
those using margarine had a higher 
concentration of total DDT in their 
* milk than did those who used butter 
(PC.G4). ; * 

While there was no correlation with 
the infant's age at the time the milk 
: sample was donated, there was a neg¬ 
ative correlation between the moth¬ 
er's age and* the total DDT conccntra* 
tion in her milk, ie, the older the 
mother, the 1 lower the concentration 
tended to be. 

Twenty-four matched pairs of milk 
samples were obtained. Milk from a 
full' breast (fore milk) was compared 
with milk fromsa nearly empty breast 
'*(hind milk) from the same donor at 
the same feeding. The two sets of 
samples showed a stinking difference 
(Table 4): the total DDT concentra¬ 
tion was significantly higher in- the 
hind milk (P< .01). 

We sought to determine the depen¬ 
dence 1 of milk DDT' concentration- 
upon the dhte of sample collection. 
These preliminary results suggest a 
seasonal dependence of total DDT 
- concentration, with DDT concentra¬ 
tion in the late summer ranging updo 
60% (0.08 ppm)thigher than DDT con¬ 
centration in the latter part of the 
\ winter. Additional' specimens, ob¬ 
tained over am extended 1 period of 
time will be needed to verify this sea¬ 
sonal periodicity. 

k , -- ^Comment ~ 

Organochlorine pesticides are now 
universal pollutants; they can be de¬ 
tected in virtually all’animal tissues, 
even those sampled 1 in remote parts of 
the earth far from areas of large- 
scale pesticide use, 5 It is now accepted 
that lbw tissue concentrations of such 
pesticides may produce subtle injury 
to species of birds, fishy and other 
nontarget organisms.** 10 Concern over 
the potential effects of pesticide resi¬ 
dues ini man: has lod to extensive rou¬ 
tine food-monitoring programs in 
this and other countries and upper 
limits.of acceptable pesticide concen- 
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trations hav e bc e mset for m any_food 
Tfems including milk. 

The monitoring of mam has been 
considerably less extensive and less 
standardized; milk is. a pertinent ex¬ 
ample. The World Health Organiza¬ 
tion (WHO) has set a practical resi¬ 
due limit for total DDT in cow's milk 
of 0.05 ppmi 11 The Food and 1 Drug Ad¬ 
ministration uses this value as the 
maximum permissible concentration 
of total DDT in the regular monitor¬ 
ing of commercial cow's milk shipped 
in interstate commerce. The recent) 
public controversy regarding breast 
milk apparently emanates from news T 
paper reports of the higher concen¬ 
trations of DDT in* human milk* As 
has been notedy the data base sup¬ 
porting these reports is, in compari¬ 
son to that for cow's milk, extremely 
small. Nevertheless, it and the results 
of! the current study db support the 
general' conclusion that human milk 
oontains a higher concentration*of to¬ 
tal DDT than does cow's milk. 

The higher concentration of DDT 
in Human milk is not an unexpected 
finding. Pesticides tend to become 
more concentrated as one samples up 
a food chain' lc : that is, meat-eaters 
(including man) store more DDT in 
their tissues thaev do-herbivores, such 
as cattle. Hence, human- milk would 
be expected to contain more DDT 
than that from cows. 

The mean concentrations of total 
DDT in all seven geographical areas 
sampled in this study were in- excess 
of the WHO upper limit for cow's 
milk. This was also the case in the two 
recent publications that reported on 
samples from various ports*of Penn¬ 
sylvania 1 ' and 1 Canadai* 

.The WHO maximum admissible 
daily intake of DDT is set at 0.01 
mg/kg of body weight." Thus, a 4 kg 
infant ought not ingest more than 
0.04 mg of DDT per day. If an-infant 
drinks approximately 650 ml of milk 
per day, 1 * the milk must contain less 
than 0.06 ppm DDT if the WHO limit 
for cow's milk is not to be exceeded! 
The mean in our study was 0.17. ppm. 

It is imperative to state at this 
point that we know of no demon* 


pirated.jdamage to breast-fed infants 
from-DDT. Furthermore, the study of 
Hayes et al‘ s indicates that adult men' 
are not injured directly by prolonged 1 
high-level oral doses of DDT. In¬ 
creased mortality among neonatal 
rats nursing very heavily „DDT- 
'treated mothers has been reported,*• 
but the relevance of that study to 
man is conjectural. The absence of a 
direct connection with illness not¬ 
withstanding, it appears prudent to 
‘'monitor human breast milk for pesti¬ 
cide content. 

JBoth'_bjol_og}cal and environmental 
factors correlating with the concen¬ 
tration of DDT in breast milk were 
revealed in this study. Although' the 
sample siee is among the largest in 
the literature, it is still small and the 
results are regarded more as an im¬ 
petus to further study than as a de¬ 
finitive investigation. 

The lower DDT content in the milk 
from the Long Island communities 
suggests that there may be signifi¬ 
cant* variation with' geographical 1 
area. We have no explanation for this 
observation. 

Pesticide exposure was a less dear 
correlate than expected. Large-scale 
exposure in the past was not associ¬ 
ated with-increased DDT content', nor 
was personal home use of pesticides. 
The employment of exterminators 
seemed to he protective, however: it 
is known- that commercial operators 
rarely use organochlorine pesticides 
in dwellings. The suggestion of a sea¬ 
sonal influence on milk DDT concen¬ 
tration might be due to environmen¬ 
tal factors, such as seasonal changes 
in diet or changes in domestic or gar¬ 
den use of pesticides. 

Eating margarine rather than but¬ 
ter was associated with higher DDT 
concentrations. While we are reluc¬ 
tant to imply a directly causal rela¬ 
tionship with.this single dietary item, 
it is of interest that margarine is 
made largely of cottonseed oil and 
that DDT has been used- extensively 
in the cotton industry.* 1 Some direct 
measurements of DDT residues in 
margarine and butter have been 
made: during the period from 1064 to 
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1966, the Food- and Drug Adminis¬ 
tration performed’ analyses on 53 
samples of margarine, 18.99c con¬ 
tained DDT with an average concen¬ 
tration of 0.026 ppm. In 1967, 13% of 
23 samples contained an average of 
0.014’ppm DDT.’. 4 

In 1 contrast, during 1970, 100 butter 
^samples were analyzed, 1 23% con¬ 
tained DDT with an average concen¬ 
tration of 0.005 ppm. In 197*1, 5% of 
84 samples contained only trace 
amounts of DDT (J.R. WesseL Food! 
and Drug Administration, writteni 
communication, August 1972). These 
data support the hypothesis that con¬ 
sumers of margarine are more apt to 
be exposed to DDT residues than are 
those who eat butter. It is suggested: 
thatl nursing mothers eat butter 
rather than margarine. 

The biological variations, in pesti¬ 
cide content of breast milk revealed: 
in this study require that future sam¬ 
pling be more precisely defined than- 
in* the past The very significant in¬ 
crease in total DDT content of hind 
milk as compared with fore milk was 
the most striking variation encoun¬ 
tered. Also of importance was the dl- 

ivj muhn *>• '' • mi . - ' 


mtnishing * DDT concentration .with 
increasing age of the donor. This rela¬ 
tionship is consistent with Kroger's 
observation^ 3 that DDT content ap¬ 
pears to decrease with the increasing 
number of children nursed by the 
mother. Future work should specify 
fore or hind milk collections and in¬ 
clude age- and parity-specific concen¬ 
trations. 

We wish to reiterate that we know 
of no demonstrated danger from 
DDT to breast-fed infants which 
would warrant giving up the known 
advantages of breast-feeding. Never¬ 
theless, we db feel that DDT concen¬ 
trations in human milk should be 
more widely investigated imdifferent 
geographic,, socioeconomic, and racial 
groups and that the various biological 
factors affecting DDT excretion in 
human milk receive attention. 

HousehoIdUsesof DDT were banned 
by the Department of Agriculture 
during the autumn of 1-969. On June 
14,1972, the Administrator of the En¬ 
vironmental Protection Agency is¬ 
sued a ban on the general use of DDT 
which took effect on January 1, 1973.** 
In 1970, the last year for which) data 
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